Abstract -HVDC (High Voltage Direct Current) overhead transmission line was considered to prepare the interconnection between northeast Asian countries and inside power systems for the first time in Korea. For HVDC transmission lines, the corona discharge characteristics and space charge of conductors depend on the electric field conditions of the conductor, so transmission line designer have to estimate the electrical environmental effects such as radio, audible, and television noise from any set of conductors. In this paper, test method will be shown using reduced-scale test facilities of HVDC transmission line.
Introduction
Nowadays, HVDC (High Voltage Direct Current) overhead transmission line was considered to prepare the interconnection between northeast Asian countries and inside power systems for the first time in Korea. For HVDC transmission lines, the corona discharge characteristics and space charge of conductors depend on the electric field conditions of the conductor, so transmission line designer have to estimate the electrical environmental effects such as radio, audible, and television noise from any set of conductors. In this paper, test method will be shown using down scale test facilities of HVDC transmission line. It is much more economical test method and possible to test several types of conductor bundle during short period. This test tools can simulate the operating voltage, sub-conductor diameter, spacing of sub-conductor, height of conductor bundle from ground level and other geometrical characteristics of full scale transmission line, also it can be easily changed the types of conductor bundle. This test tools are composed DC high voltage sources to energize the test line, sensors to measure the ion current density and electrical field strength of ground, and data acquisition systems. To obtain a comparison data of environmental characteristics between 4 different types of conductor bundle, it is necessary to do the down scale test on a large number of conductor geometries. To reliably analyze the ion flow and field effects due to the high voltage line, down scale test database were obtained from each conductor types, and were expressed as a statistical distribution. In conclusion, it is clear from the test results that conductor geometries play an important role in establishing the magnitude of field intensity and environmental issues. In this paper, with respect to the characteristics of the electrical environment, a simulation that uses the down scale model was undertaken, and the main outcome was described to select an environmentally friendly conductor configuration.
Scale Factor of the Reduced-scale Model
The scale factor of the reduced-scale model is determined from the applied voltage, test space, and conductor size. The one-dimensional geometrical scale factor can be expressed as follows: (1) wherein r is the radius of the conductor, h is the height of the conductor, and S is the sub-conductor spacing. the scale factor for the applied voltage can be expressed as follows: (2) the scale factor for the electric field strength on the ground level in the reduced-scale model can be expressed as follows:
The scale factor of the DC transmission lines is identical to that of the AC transmission lines below the critical voltage of the corona discharge where the corona discharge does not occur, but the effects on the ions must be considered above the critical voltage of the corona discharge. The charge density (ρ) at the ground level is as follows: (4) wherein ε is the permittivity, E is the electric field strength on the ground, A is the area, and V is the volume. Therefore, the scale factor of the charge density, K ρ , can be expressed as follows:
From Equation (5), the scale factor K j of the ion current density J can be obtained as follows: (6) wherein K k is the scale factor of the ion mobility. Even though the mobility of the actual line is not always identical to the mobility of the reduced-scale model, they become identical if the limited conditions such as weather conditions are identical (K k = 1) and satisfy Equation (6). The conductor corona current I c can be expressed as the multiplication of the ion current density by the enclosed area. Thus, the scale factor of the corona current, K c, can be expressed as follows [1, 2, 3] :
Experiment Devices
The experiment devices consisted of a reduced-scale model line, a HVDC generator for the application of the DC test voltage to the line, a sensor for measuring the electric environment interference, and a DAS for the acquisition and saving of the data measured by the sensor in real time.
Reduced-scale Model and DC Power
A variable arm was installed on the support for the application of DC voltage to the reduced-scale model test line and for the performance of a test by varying the coordinates by the conductor height and the pole spacing.
The size and configuration of the reduced-scale model are shown in Fig. 1 . and The DC power was made to generate up to ±60 kV, as shown in Fig. 2 . 
Line Environment Measurement System
A 300mmx160mm plate electrode was used to measure the ion current density based on the corona discharge of the reduced-scale model. A 1mx0.8m epoxy copper plate was etched to produce a plate electrode, and a field meter for measuring the electric field was installed with a round shape that was made by cutting out the epoxy plate. Fig. 3 shows the reduced-scale model line and the measurement sensor unit. 
Experiment model
The experiments were carried out by simulating single bi-pole and double bi-pole lines. In the case of the single bipole lines, the ion environment interference was evaluated by varying the conductor height and pole distance of the conductors. In the case of the double bi-pole lines, the polarity of the voltage that was applied to each conductor was changed while the conductor height and pole distance were fixed. Accordng to the voltage application methods for the double bi-pole lines, experiments were conducted with four types of line configurations, which are shown in 
Simulation Test Results for the Reduced-scale Model Lines

Comparison by Conductor Type
For the single bi-pole lines, the interference items were measured and evaluated by varying the pole distance and the conductor height. The characteristics tests for the ion current density, the corona current, and the electric field were performed for the conductor for the application of 30 kV, 40 kV and 50 kV at the pole distance of 0.8 m and at the conductor height of 0.9 m. Except for the conductor type ACSR1x480 (C) mm 2 , the other five conductor types showed similar results. The differences increased when the voltage was 40 kV. The test result is shown Table 1 . 
Double bi-pole Lines
The investigation of the effects of ion generation on the number and diameter of sub-conductors in double bipolar lines found that as in the case of the single bipolar lines, the higher the number of sub-conductors and the greater the diameter of the sub-conductors were, the more favorable they were in terms of the electric environment interference. Thus, the line configuration and conductor types were set to be identical to those for the single lines, and the ion current density, electric field strength, and corona current were compared for the four configurations in Figure 4 (NPNP, NNPP, PPNN, and NPPN). The experiment conditions were as follows. 5 shows the characteristics of the ion current density for the pole arrangements of the double bi-pole lines ACSR4x480(C)mm 2 conductor type. In the case of the NNPP and PPNN types, the higher the applied voltage was, the higher the ion current density became compared to other pole arrangements, because the conductors of the same polarity were arranged parallel on the ground. In terms of the ion current density e, the NPPN type with a diagonal pole arrangement showed the lowest ion current density on the ground. Table 4 . These conversion factors were determined using Equations (1)-(7). Table 3 . were converted to the electric field in the actual line, the results are as shown in Table 5 . Thus, when the electric field, which was obtained from the reduced-scale model, was converted by applying the reduced-scale factor and the sensor sensitivity of the field meter to the electric field in the actual bi-pole DC single line with the pole distance of 22 m and the conductor height of 18 m, the electric field at 8 m from the line center became approximately 7.7 kV/m in the positive pole and approximately -8.5 kV/m in the negative pole. 
Conversion to Full-scale Test Lines
Conclusion
Environmental characteristics tests were conducted for HVDC transmission lines using reduced-scale model lines. The values that were measured in the full-scale test lines and the conversion values in the reduced-scale model showed approximately a difference of 2kV/m. This result appears to have been due to the error caused by using the full field scale meter and the difference in the test conditions such as the constant weather conditions in the laboratory, which differed from the actual conditions. This study identified, however, the characteristics of the electric field in the actual lines using the reduced-scale model, and confirmed that conversion to actual lines was possible without significant errors. In the case of the ion current density, the experiment with a single bipolar line reducedscale model of the 6x480(C)mm 2 type, which could be compared with the test line, resulted in many errors when the results were converted to the test line, because the corona discharge was insufficient. In Korea, HVDC overhead transmission lines have not been applied, but the adoption of a hybrid method that applies AC and DC transmission lines to the same steel tower by establishing an operation plan for 80kV-class DC overhead lines in 2011 is now being considered. It is expected that the reduced-scale model line in this study will be useful for the characteristics test of such new types of transmission methods. 
